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ABSTRACT 
Herring stocks were surveyed hydroacoustically and sampled in San 
Francisco Bay from November 1984 to March 1985. A maximum of 13 
schools entered the Bay and spawned between November 1 and March 10, 
although large schools (greater than 1000 tons) occurred only from mid- 
December to March. Total biomass estimate from hydroacoustic surveys 
was approximately 29 500 tons, and it was determined that at least 5500 
additional tons were not detected. This is an increase from last sea- 
son's adjusted total of approximately 25 000 tons. Although different 
from MRR's biomass estimate from spawn escapement plus commercial land- 
ings (40 000 tons in 1983-84 and 46 000 tons in 1984-85), hydroacoustic 
estimates showed a similar trend of recovering stock biomass. 
Sixty-six samples, containing a total of 8031 herring, were collected 
with variable-mesh gill net and midwater trawl or obtained from the 
roundhaul and gill net fisheries. The usual pattern of decreasing mean 
length and age of herring as the season progressed was observed. 
Small schools that spawned in November and December consisted primarily 
of 3- to 6-yr-old herring. Two-yr olds became a significant part of 
spawning schools beginning in mid-January. The 1982 and 1983 yr clas- 
ses (3- and 2yr olds) comprised 81-94% by number of schools spawning 
from mid-January to March, with the 1982 yr class being particularly 
strong. 
Recovery from poor growth conditions during the 1982-83 El ~ i g o  event 
was evidenced by age-length and age-weight relationships, particularly 
for younger fish. Mean body length for 2-, 3-, and 4-yr-old herring 
averaged 8 mm greater than in 1983-84. Weight at age was 24 to 41% 
higher for ages 2 to 6 yr and 15 to 16% higher for 7- and 8-yr olds. 
Average fecundity was estimated from egg counts from 94 unripe herring. 
Mean value was 227.1 eggslg with a 952 confidence interval of 5.1 
eggs Ig 
Survival  of young-of-the-year (YOY) herr ing  from 1983-84 spawns was 
g r e a t e r  than from the  previous season. The p o s i t i v e  c o r r e l a t i o n  pre- 
viously observed between r e l a t i v e  abundance of YOY he r r ing  from the  
Department's Bay-Delta Project  samples and the  r e s u l t a n t  year c l a s s  
s t r eng th  of newly rec ru i t ed  herr ing  i n  San Francisco Bay's spawning 
s tocks  was not evident  t h i s  season; the  con t r ibu t ion  of the  1983 y r  
c l a s s  (2-yr o lds  hatched during the  1982-83 season) was b e t t e r  than 
expected. 
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INTRODUCTION 
This was the 4th yr of field work by the Pacific Herring Research Project 
and the 3rd in which acoustic surveys were conducted and samples were obtained 
throughout the November to March spawning season, Data have been presented for 
each season in administrative reports (Reilly and Moore 1982, 1983, 1984) and 
serve to complement data collected by Jerome Spratt, Marine Resources Region 
(MRR), concerning biomass estimates from spawning ground surveys (Spratt 1985a) 
and biological characteristics of that portion of the herring population 
exploited by the commercial fishery (Spratt 1985b). The Pacific Herring Research 
Project has two major objectives: 1) estimate surface area and biomass of each 
school of adult herring in San Francisco Bay; 2) determine length and age 
composition of each school. 
Additional research during the 1984-85 herring season included the following: I 
1) fecundity/weight ratios; 2) weight/age/length relationships; 3) temperature and 
i 
salinity profiles adjacent to known spawning areas; 4) calculation of available 
spawning substrate along the San Francisco waterfront; 5) exploratory hydroacous- 
tic surveys of Tomales and Bodega Bays; 6) examining catch data of juvenile and 
young-of-the-year (YOY) herring from the Department's Bay-Delta Project; 7) samp- 
ling herring during the non-spawning season from San Francisco Bay and the Gulf 
of the Farallones; and 8) visually calibrating the project fathometer with a 
scientific-grade echosounder owned by Washington Department of Fisheries (WDF). 
METHODS 
Spawning Substrate Assessment 
In response to the increasing use of the San Francisco waterfront as spawn- 
ing habitat by herring, an objective assessment was made of the available sub- 
strate between the Oakland Bay Bridge and Candlestick Point (Figure l ) ,  an area 
Son Francisco 
10 km 
! 
FIGURE 1. Pacific herring acoustic survey and samnlinq areas in San 
Francisco Eay , 1984-85. 
consis t ing  pr imar i ly  of p i e r s  supported by concrete o r  wooden p i l i n g s  o r  concrete 
r e t a in ing  wal ls  and in te r spe r sed  with rock rip-rap. Blueprints  were examined a t  
the  San Francisco Port  Authority f o r  most p i e r s  i n  the  area and t h e  number of 
p i l ings  was e i t h e r  counted o r  ca lcula ted .  For those p i e r s  i n  which b luepr in t s  
were not  ava i l ab le ,  counts of p i l i n g s  were made on s i t e  from t h e  p ro jec t  vesse l  
PANDALUS. Tota l  ava i l ab le  su r face  a rea  f o r  spawning was then ca lcula ted .  
Visual Ca l ib ra t ion  of Projec t  Fathometer 
On February 1, 1985, WDF b i o l o g i s t  Norm Lemberg brought h i s  Biosonics Model. 
101 echosounder, a t ransducer ,  an osc i l loscope ,  and a tape  recorder t o  San 
Francisco Bay. This is  p a r t  of the  system used f o r  hydroacoustic surveys f o r  
herr ing by WDF i n  Puget Sound and t h e  Gulf of Georgia, i n  conjunction with an 
echo i n t e g r a t o r  and computer. Using the  Bay-Delta Projec t  v e s s e l  LONGFIN, the  
projec t  fathometer was run simultaneously with the  Biosonics echosounder when the  
only school ( a  small  one) of the  day was encountered. Density values were ca l -  
culated l a t e r  from da ta  s t o r e d  on tape  using WDF's echo i n t e g r a t o r  i n  order  t o  
e s t a b l i s h  co r rec t ion  f a c t o r s  f o r  our v i s u a l  i n t e r p r e t a t i o n  of acous t i c  echograms. 
On May 8 and 9, 1985, the  p ro jec t  l eader  accompanied Lemberg on a hydroacous- 
t i c  survey on t h e  Gulf of Georgia t o  ob ta in  a d d i t i o n a l  v i s u a l  c a l i b r a t i o n  data .  
The two fathometers were run simultaneously on the  WDF vesse l  PASQUALE during two 
standard t r ansec t s .  A range of dens i ty  values f o r  he r r ing  was obtained. 
Nan-spawning Season F ie ld  Sampling 
For the  second consecutive year ,  one sample each of juven i l e  and adu l t  
herr ing was provided by t h e  National Marine F i s h e r i e s  Service (NMFS) from a 
research c r u i s e  i n  the  Gulf of t h e  Fara l lones  (Figure 2) i n  June 1984. An 
add i t iona l  sample of YOY and juveni le  he r r ing  from the  Gulf was co l l ec ted  by NMFS 
i n  September 1984. 
.? Bodega Bay 
FIGURE 2. Location af herring samples from Gulf of the Faral lones, 
June and Sep te~ber  1964, and Bodega and Tomales Bays 
exploratory hydroacousti c survey areas,  January 1985. 
The Bay-Delta Project collected samples of YOY, juvenile, and adult herring 
in San Francisco Bay from May to July, 1984. All samples were frozen and de- 
livered to the Menlo Park laboratory where they were thawed, measured, sexed if 
possible, weighed, and aged using otoliths. 
Spawning Season Field Work 
Research Vessels 
The 23-ft project vessel PANDALUS was used on most field days from November 
to March. MRR's KAZUNOKO I was borrowed on several occasions when the PANDALUS 
was not in service. The LONGFIN and Region 3's CHINOOK were each used 1 d during 
the season. Exploratory surveys in Tomales and Bodega Bays (Figure 2) were con- 
ducted on the vessels SEA FARMER and NORWESTER. 
Acoustic Monitoring 
Hydroacoustic surveys were conducted 3 or 4 d each week using a Raytheon 
model DE-719B recording fathometer depth sounder. Areas surveyed included cen- 
tral San Francisco Bay and the Golden Gate bounded by the Richmond-San Rafael 
Bridge, Oakland-Bay Bridge, and Pt. Bonita (Figure l), hereafter referred to as 
North Bay, and southern Bay waters between the Oakland-Bay Bridge and Oyster 
Point (Figure l), hereafter referred to as South Bay. Acoustic monitoring was 
done at a speed of approximate 8 kn. 
Herring schools were plotted on charts of San Francisco Bay using a combina- 
tion of calculated horizontal school dimensions and bottom depths from acoustic 
tracings, and compass bearings from known landmarks. A Housten Instrument HI-PAD 
digitizer, using the Basic program "HIPAD", was used then to calculate surface 
area of schools or portions of schools with approximately uniform density and 
height in the water column, based on visual examination of acoustic echograms. 
6 2 Density estimates (tonsil0 ft ) were then assigned to each school based on 
calibration factors developed dur.ing charter of a purse seine vessel in 1983 
(Reil ly and Moore 1983) and modified from i n t e r c a l i b r a t i o n  f a c t o r s  obtained i n  
. I  
February and May, 1985. F ina l ly ,  school 
surveyed. 
On January 10 and 22, 1985, daytime 
Tomales and Bodega Bays (Figure 2) using 
Sampling Gear Types 
biomass was ca lcula ted  f o r  each school 
exploratory surveys were conducted i n  
the  Raytheon fathometer. 
G i l l  Nets. During t h e  season, nylon mult if i lament,  variable-mesh g i l l  ne t s  
were used t o  sample herr ing i n  depths from 6 t o  65 f t .  From November 9 t o  
December 28, 1984; and on January 8,  1985, the mesh a r ray  consisted of f i v e  10-ft 
long by 6-ft high panels with mesh s i z e  1.5, 1.75, 2.0, 2.25, and 2.5 i n .  On 
January 6, 1985 and from January 16 u n t i l  the  end of t h e  season, a 60-ft long net  
was used with an add i t iona l  panel of mesh s i z e  1.25 in .  Nets were anchored and 
marked by f l o a t s .  Soak t i m e s  varied from 10 min t o  12 h. 
Midwater Trawl. A 12-ft square (mouth-opening), 65-ft long, double warp 
midwater trawl with an 0.5-in. stretched-mesh cod end was used t o  obta in  herring 
samples from November 9 u n t i l  i t s  l o s s  on December 10. A replacement t rawl  was 
obtained i n  mid-February. Tow speed was approximately 2 kn and tow durat ion 
ranged from 10 t o  30 min. 
Commercial Fishery. From January 18 t o  February 26, 1985, samples were ob- 
tained from purse se ine  and lampara boats i n  the  process of catching herring.  
Fish were col lec ted  with a b r a i l  a s  they w e r e  brought t o  the  s i d e  of t h e  boat. 
On severa l  occasions, samples were obtained from a b in  a t  an off loading dock. 
From December 3, 1984 t o  January 17, 1985, add i t iona l  samples were taken 
from g i l l  ne t  boats. 
Field Processing of Samples 
Body length (BL), t he  Department's standard measurement f o r  he r r ing  (Spra t t  
1981), was determined t o  the  nearest  m i l l i m e t e r  from the  t i p  of t h e  snout  t o  the  
end of the pigment underneath the last column of scales on the caudal peduncle. 
Fish were sexed and assigned a maturity code of either unripe, mature, or spent. 
Samples were separated by 10- size classes and an optimum of 17 fish per size 
class was retained from each school for aging. This stratified random sampling 
for age composition allows us to age more older fish, which occur infrequently 
in random samples and have higher variability in growth. Additional large her- 
ring were selected and aged for use in construction of an age-length key, giving 
US more reliability when we assigned ages to large fish not aged by otoliths. 
Several random samples were taken this season to compare with stratified samples 
from the same schools. All variable-mesh gill net samples were separated by mesh 
size. Additional unripe females were retained for'fecundity studies. 
Temperature and Salinity Profiles 
Temperature and salinity profiles were determined on most field days either 
near Peninsula Point Buoy or the Oakland-Bay Bridge (Pier 24) at San Francisco 
(Figure 1) using a Marte!~ Mark VI Water Wality Analyzer. The instrument is 
calibrated annually at Martek headquarters in Irvine, California. Readings were 
taken from the surface to approximately 20 m at 5-m intervals. Profiles usually 
were obtained during incoming or high tide to standardize measurements when 
possible. 
Laboratory Processing. of Samples 
Length and Weight 
All herring samples were returned to the Menlo Park laboratory, frozen, and 
thawed before processing. Frozen/thawed lengths were matched with fresh lengths 
from the field, or a correction factor of 1.020, 1.022, or 1.021 for males, fe- 
males, or unsexed herring, respectively, was applied to account for shrinkage. 
Fresh or corrected lengths were used in all data analyses. Weight was determined 
to the nearest 0.1 g on a balance; we found no significant difference between 
>;;.: '-1 " ,  'iq.y& 
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fresh weight and frozenlthawed weight. Fish that were spent or partially spent 
were not weighed. 
Fecundity 
Ovaries from unripe females were placed in 5% formalin for a minimum of 1 
wk. They were then rinsed in water, blotted dry, and weighed to the nearest 0.01 
g. Two subsamples, weighing approximately 0.5 g each, were then counted from 
each pair of ovaries; generally this involved about 1000 eggs. Total number of 
eggs was then calculated. 
Otoliths 
Otoliths were removed from herring, cleaned with fresh water, then ethanol, 
and stored dry in gelatin capsules, Otoliths were read in ethanol under a 
dissecting microscope by two readers independently. When disagreement of an age 
occurred, the first reader would examine the otoliths again. If otoliths were of 
poor quality, or agreement could not be reached, the age determination was not 
used. 
Assigned Age by Length 
Ages were assigned to lengths of fish (2- intervals) not aged, based on 
the relative percentage composition of ages (from otoliths) for a particular size 
interval. All fish not aged were combined by assigned school numbers before ages 
were given to lengths. 
Assigned School Numbers 
A school number was used to define each school that spawned in San Francisco 
Bay. Each sample of herring was assigned to a school based on a combination of 
factors: 1) temporal data from MRR's egg deposition surveys; 2) hydroacoustic 
observations of schooling patterns and spawning events; 3) percentage of unripe 
females in the sample; 4) examination of daily landings of the commercial fleet 
and a knowledge of their fishing locations; and 5 )  miscellaneous information from 
conversations with fishermen. 
Total Age Composition for Spawning Season 
Total percentage age composition was calculated for the entire spawning 
season based on two separate biomass estimates by school: 1) the sum of MRR's 
spawn escapement estimate plus commercial catch; 2) our hydroacoustic biomass 
estimates CMBR-estimates-were used- for small schools not de-tected 
hydroacoustically). To calculate total percentage age composition by number, 
mean BL by school was converted to mean weight, using values from Appendix F .  
Each biomass estimate for each school was divided.by the appropriate mean weight, 
and percentage age composition was used to calculate total number of fish by age 
for each school. For schools not sampled, data from the nearest school, 
temporally, were used. To calculate total percentage age composition by weight, 
1984-85 mean weight at age values were used along with percentage age composition 
by school from. 
- - - - -  
Stratified vs. Random Sampling for Age Composition 
-
Stratified random and random samples each were taken from two schools of 
herring (samples 257 and 294) for comparison of age composition data. Stratified 
samples were taken in the usual way with a maximum of 17 fish per 10- BL inter- 
val. These fish were aged by otoliths; the additional fish in the sample which 
were measured but not aged were assigned ages based on the age-length key 
developed this season. Approximately 100 fish were sampled randomly from the 
same sample from each of two schools and all fish were aged. The percentage age 
- - -  
- - - - 
- - - - - -  
- - - - -  
- - - - 
compositions were compared using a chi-square test-. - - - - - - - - - - -  - - - - -  
Computer Processing of Samples 
Length, weight, sex, and age data from all herring samples were entered in a 
Digital Rainbow 100 microcomputer using dBase TI programs. Mean, standard devia- 
tion, standard error, and size frequencies of BL, by sex, were generated for each 
, > ; >..i : . 
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sample. Other statistical analyses were performed using an ABSTAT program or, on 
the Department's PDP-11 computer, BMDP programs. 
Supplementary Data 
Local precipitation and barometric pressure data were obtained from the 
National Weather Service at San Francisco International Airport for use in deter- 
mining if a relationship exists with spawning events. 
Data from the Department's Bay-Delta Project, Stockton, were examined to 
determine catch-perunit-effort (CPUE) of YOY herring and length frequencies of 
YOX and juvenile herring. We have used CPUE data from the Project's 1980 to 1984 
spring and summer monthly samples of YOY herring as indicators of the strength of 
the year 
mo later 
trawling 
cidental 
class of new recruits which will appear in the fishery approximately 18 
as 2-yr olds. In 1983 the project began intensive surface-to-30-ft 
near the Golden Gate Bridge for out-migrant, marked salmon smolts. In- 
catches of YOY herring serve as a comparison of larval hatching success 
with monthly trawl samples throughout the bay and may be a better indicator of 
relative year class strength. 
RESULTS 
Spawning Substrate Assessment 
The majority of pier pilings along the San Francisco waterfront have an aver- 
age diameter of 18 in., although some concrete pilings are 36 in. across. We 
calculated that there are the equivalent of 56 170 18-in. pilings, each of which 
2 has 4.7 ft surface area for each foot in height, between the Oakland Bay Bridge 
and Candlestick Point (Figure 1). We also estimated this region to contain 
38 700 linear ft of spawning substrate on retaining walls and rock rip-rap. For 
an intertidal and subtidal spawn extending to 30 ft below mean low water, we es- 
2 2 
timated an available spawning substrate of 9 081 000 ft (844 000 m ). 
Visual Calibration of Project Fathometer 
On February 1, 1985, acoustic rransecto were conducted over a small herring 
6 2 
school (6 x 10 ft ) in San Francisco Bay three rimes within an hour. On the 
first and third set of transects the project fathometer was used and biomass was 
estimated, using previously described methods (Reilly and Moore 1983), at 72 and 
85 tons, respectively. After the second set of transects using WDF equipment, 
echo integration re,sulted in an estimate of 94 tons. Maximum densities per 
0.5-min interval calculated by the WDF integrator were in the range of 40 to 55 
6 2 2 tons/lG ft (0.4 to 0.5 kg/m ). Additional transects in which the two fatbo- 
meters were run simultaneously over the saxe school and other patchy aggregations 
of herring near the bottom resulted in integrstor-calculated maximum densities of 
6 2 20 to 100 tons/lO ft . 
On May 7 and 9, 1985, simultaneous surveys with both fathometers in the 
6 2 Gulf of Georgia produced maximum densities of 10 to 17 tons/lO ft . Using 
independent visual estimates from the project fathometer echograms and integrator- 
calculated values from California and Washington surveys, a series of correction 
factors was developed. All of our previous estimates for densities less than 100 
6 2 tons/lO ft were conservative, differing by as much as 25% on the lower end and 
6 2 10% on the upper end. Because no densities greater than 100 tons/lO ft were 
encountered on the intercalibration surveys, no correction factor will be applied 
to these until additional data are obtained. 
Additional correction factors were developed based on measurements of target 
strength (TS) per unit mass of herring of various lengths. WDF uses a value of 
-33 decibels (dB) per kg of herring for converting reflected sound energy to bio- 
mass (Lemberg 1978). This value applies to herring 200 mm in mean BL. As mean j 
BL decreases, TS per kg increases. A 1-dB increase in mean TS/kg results in a I 
20% decrease in biomass estimate (John Ehrenberg, Biosonics, Inc., Seattle, pers. 
commun.). Based on an equation in Edwards and Armstrong (1983) derived from data 
i n  Nakken and Olsen (1977), a decrease i n  mean BL from 200 mm t o  165 mm would 
r e s u l t  i n  an increase  i n  TS/kg of 1 dB. By February, San Francisco Bay herr ing 
usually have a mean BL of 160-170 mm. Thus, our es t imates ,  r e l a t i v e  t o  WDF's 
standard,  would be 20% high. However, i n  November and e a r l y  December, he r r ing  
schools i n  San Francisco Bay average 200 mm BL, with a progressive dec l ine  as the  
season continues. Thus our es t imates  would need correc t ion f a c t o r s  from 0% t o  
20%. 
The two s e t s  of co r rec t ion  f a c t o r s  tend t o  balance each other .  Our g r e a t e s t  
underestimation would have occurred with schools i n  November and December a t  den- 
6 
s i t i e s  less than 25 tons/lO f t 2 ,  and our g r e a t e s t  overestimation would be i n  
February and March f o r  higher densi ty  schools. 
Non-spawning Season Sampling 
NMFS Gulf of the  Faral lones Cruises 
Herring from a midwater t rawl sample co l l ec ted  by NMFS i n  t h e  Gulf i n  June 
1984 ranged i n  BL from 130 t o  182 mm and were almost e n t i r e l y  from t h e  1982 and 
1983 y r  c lasses  (Tables 1 and 2),  aged a s  2+ and 1+ y r ,  respect ively .  These her- 
r ing  a r e  most l i k e l y  from our l o c a l  s tocks ,  s ince  they were co l l ec ted  20 nau t i ca l  
miles (36 km) from the  Golden Gate (Figure 2) and t h e  1982 y r  c l a s s  proved t o  be 
strong i n  our f i she ry ,  
A late September sample from t h e  Gulf (Figure 2) contained 252 YOY herr ing 
from 90 t o  120 mm BL (mean = 101.9). These were co l l ec ted  within f i v e  nau t i ca l  
miles (9 km) of shore between P t ,  Reyes and San Pedro Point (Figure 2) and were 
probably hatched i n  San Francisco Bay during t h e  1983-84 season. Growth of the  
1984 y r  c l a s s  appears t o  be above average; Spra t t  (1981) reported t h a t  YOY her- 
r ing  from Monterey Bay i n  August and September averaged 90 mm BL. 
TABLE 1. Number of Pacific Herring by Eody Length (2-mm Intervals)  from 
the Gulf of the Farallonesl', June 1984, and $an Francisco t3ay2-/, 
July 1984. 
I 
Size Size 
interval interval 
jmm ) Gulf Bay (nun) Gulf Bay 
1 
l~ztrnple froti1 National Marine Fisheries Service 
2~ample  from Bay-Del t a  Project 
TABLE 2. Age Composition of Pacific Herring Samples, Dased on Otolith Aging 
and Subsequent Age Assignments by Length, from the Gulf of the 
F ~ r a l  lones , June 13C4, and San Franciscc Bay , July 1984 
Age Number Age Percent (years) Gulf Bay - (years) Gulf Bay 
1 
Bay-Delta Project  Samples 
A Ju ly  1984 sample from San Francisco Bay contained 134 he r r ing  ranging i n  
BL from 122 t o  196 mm and consis ted  l a r g e l y  of the  1983 y r  c l a s s  (age 1+) with a 
few older  f i s h  (Tables 1 and 2). The 1983 y r  c l a s s  averaged 137.2 urn! BL. Analy- 
sis of length-frequency da ta  f o r  juveni le  (age 1+) he r r ing  from Bay-Delta Projec t  
records from San Francisco Bay i n  1984 show t h a t  most juven i l e  f i s h  ranged i n  
s i z e  from 100 t o  150 mm BL during the  months May t o  Ju ly  (Figure 3). Although 
some monthly growth pa t t e rns  may be evident ,  i t  i s  not v a l i d  t o  assume these  rep- 
resent  the  same school due t o  t h e  extended 4-0 spawning and hatching season i n  
the  Bay. 
Examination of YOY length  frequencies i n  1983 and 1984 i n d i c a t e  a s i z e  range 
of 25 t o  80 mm BL f o r  the  major i ty  of herr ing  sampled during March t o  e a r l y  
August (Figure 4). The March 2 and Apr i l  3 histograms a r e  good i n d i c a t o r s  of the  1 
v a r i a t i o n  i n  growth due t o  d i f f e r e n t  hatching times. 
When comparing YOY and juveni le  histograms from the  same month and year ,  i t  
is obvious t h a t  a wide s i z e  separa t ion  e x i s t s  between modes. Overlap of growth 
r a t e s  begins a s  f i s h  reach maturi ty a s  2-yr o l d s  and modes become progress ively  
weaker a s  age increases  unless  a s t rong  year c l a s s  p e r s i s t s .  
From 1980 t o  1982, average CPUE of YOY her r ing  from spr ing  and summer 
monthly samples corre la ted  with s t r e n g t h  of the  2-yr-old cohort (Table 3). The 
1980 and 1982 y r  c l a s ses  proved t o  be s t rong,  and the  1981 y r  c l a s s  continues t o  
be poorly represented. Data from 1983 indica ted  t h a t  t h i s  y r  c l a s s  would be weak 
(Table 3) (Rei l ly  and Moore 1984); however, 2-yr o lds  were abundant during t h e  
l a t t e r  p a r t  of the  1984-85 season. Data from 1984 (Table 3) i n d i c a t e  t h a t  l a r v a l  
survival  w a s  good. However, our a b i l i t y  t o  p red ic t  recrui tment  may requ i re  a 
longer da ta  series before we can use CPUE of YOY her r ing  as a r e l i a b l e  indicator-, ,  
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of year c l a s s  s t r e n g t h  . 
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:FIGUPS 4. Percent size frequencies (2-mm intervals) of YOY herring 
from midwater trawl samples, San Francisco Bay, May 1983 
to August 1984. 
TABLE 3. Monthly Average Catch per Tow of Young-of-the-Year Pacif ic  Herring i n  San Francisco Bay, April 
t o  August ,  1980 t o  1984. 
part  1. Bay-Delta Project Monthly Station Data. 
Year 
1980 1981 1982 - 1983 IS84 
 umber-catch NumberCa tch ~urrber-ca tch !!umber Catch 
 umber-catch 
Month o f  tows per tow of tows Der tow of tows per tow of tows per tow o f  tows per tow 
Apr i 1 33 33.1 34 11.8 3 5 19.3 35 0.9 20 109.9 ' 
May 35 51.3 33 1.6 35 162.8 3 5 3.9 29 74.0 
June 36 26.3 35 3.4 35 100.9 3 5 9.3 , 16 . 28.7 
July 3 6 134.8 3 4 9.7 3 5 127.1 5 0 1.4 10 11.0 . 
Augus t  32 16.0 3 5 3.3 3 5 43.3 20 0.1 4 4.0 I 
-- - 
CI 
4 
I 
part 2. Bay-Delta Project Data from Trawls f o r  Salmon Smolts. 
Year - . - 
1983 1984 
 umber-ca tch  umber-ca tch 
Month of tows per tow of tows per tow 
Apri 1 6 7 152.9 50 290.6 
May 1 80 377.7 110 677.6 
June - 150 113.3 110 1204.6 
early July 10 0.0 80 422.8 
1 a t e  July 20 1.4 70 5.0 
August 40 0.4 30 2.6 
. : 
Data from 1983 and 1984 trawling near the Golden Gate Bridge indicate that. 
the 1984 yr class had better larval survival than did the 1983 yr class (Table 
3, part 2), consistent with results from routine trawls (Table 3, part 1). YOY 
herring abundance near the Golden Gate Bridge peaked in May or June and declined 
rapidly through summer. 
YOY Herring During Spawning Season 
During the past three seasons we have occasionally sampled 1-yr olds from 
the roundhaul fishery and with our midwater trawl. These fish may have spent 
their entire 1st yr in San Francisco Bay, aithough previous data (Reilly and 
Moore 1983) indicated that YOY herring which most likely hatched in the Bay may 
move into the Gulf of the Farallones by October and later may infrequently join 
incoming schools of pre-spawners. Mean BL of l-yr olds is indicative of growth 
conditions during the year. For the past three seasons, mean BL of 1-yr olds was 
the following (sample size in parentheses): 122.9 mm (11) in 1982-83; 109.7 mm 
(19) in 1983-84; 133.4 mm (25) in 1984-85. The 1983-84 season was characterized 
by poor growth conditions for all herring. 
Acoustic Monitoring 
Summary of Herring Schools in San Francisco Bay 
We determined that a maximum of 13 schools occurred in San Francisco Bay 
during the 1984-85 spawning season (Table 4). This is based on a combination of 
hydroacoustic surveys, recorded spawns, data on herring maturity, and peaks in 
commercial landings. In general, a single spawning event in one continuous geo- 
graphical area occurred within 2 wk after initial hydroacoustic detection of a 
school. Occasionally, two schools or two parts of the same school were present 
in separate areas of the Bay. 
TABLE 4. Summary of Herring Schools in San Francfsco Bay, November 1984 t o  March 1985. 
MRR spawn Hydroacoustic 
Assigned bi omass Commerci a1 bi omass School 
school' a . Spawning Spawning estimate catch estimate surface 
number dates locationL1 (tons) (tons) (tons) area ( f t 2 )  
1 Nov 1 KC 
2 NOV 7-9 KC 
Nov 23 
Dec 3-4 
no spawn 
Dec 17-20 
Jan 6-9 
Jan 9 
Jan 20-27 
Feb 13 
Feb 16-17 
Feb 25-26 
Mar 9-1 0 
RICH 
SF 
S F  
S F  
S AUS 
SF 
COY 
TIB, BELV 
A I 
A I 
Resi Cual - 0 0 15 1.3 x 106 
313 380 7740 29 409 
Legend: A 1  - Angel Island; BELV - Belvedere; COY - :Coyote Point; KC - Kiel Cove; RICH - Richardson 
Bay; SAtiS - Sausali t o  t o  Yel l~w Bluff; SF - San Francisco; TIB - Tiburon, 
3 Estimated based on 40% occurrence by weight of herring in sample; however, only 3 herring were caught. 
2 Entire school may not have been detected pr ior  t o  spawn; estimate is of maximum biomass monitored 
hydroacoustical ly  b u t  may underestimate to ta l  school biomass. 
!$ Exploratory spawning behavior indicated by catch of a i l  1 net boats close t o  Sausal i t o  shore on December 
11 and 12: however, ERR surveys yielded no spawn deposition. 
Entire school n o t  detected.; e s t i s a t e  i; of maximum biomass monitored hydroacoustically b u t  s igni f icant ly  
, underestimates to ta l  school bi on~ass. 
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For the fourth consecutive year, the season's first spawn occurred in Kiel 
Cove (Figure 1) on November 1, within 3 d of the previous season's first spawn. 
However, we failed to obtain a hydroacoustic trace of this small school. These 
fish apparently enter the Bay and spawn on one tidal cycle. An acoustic survey 
on October 30, during a flood tide, yielded no herring adjacent to the spawning 
area. 
A second small spawn began in trace quantities on November 7, also in Kiel 
Cove, but no hydroacoustic activity was detected that day. A good biological 
sample was obtained on November 9 at the end of the spawn. We failed to monitor 
the school acoustically before the spawn, precluding any attempt at biomass esti- 
mation due to the dispersed yet clumped nature of spawning fish. 
On November 16, a small school (number 3) was located in Raccoon Strait at 
depths of 60 to 80 ft. A midwater trawl sample verified that the somewhat spikey 
appearance of the echogram indicated a mixture of anchovies and adult herring. 
Herring comprised 40% of the sample by weight; however, the small number of her- 
ring caught (3) undoubtedly questions the accuracy of this biomass estimate. MRR 
discovered herring spawn from this school in Richardson Bay on November 23. 
Our search efforts in late November and early December concentrated in North 
Bay waters where all previous November and December spawns had occurred. Thus, we 
were surprised to learn that the first major spawn of the season (school 4) occur- 
red December 3-4 in the South Bay along the San Francisco shoreline, coinciding 
with opening week of the XH gill net season. We did obtain traces of a school in 
Raccoon Strait on November 24, 26, 28, and 29. These fish may have joined others 
in the South Bay before spawning and our biomass estimate may be conservative due 
to a lack of South Bay survey data at this time. 
'h 
With the exception of a smallhpawn (school 8) in Sausalito, there was no 
spawn deposition in North Bay waters from November .23 until February 16. How- 
ever, on December 11 and 12, gill net fishermen landed approximately 200 tons of -Y-; 
- .. 
. ..: 
herring from t h e  Sausal i to  shore l ine .  MRR opawn samplers could not  l o c a t e  any 
spawn deposi t ion  and t h i s  may have been only an explora tory  run t o  shore. Our 
acoust ic  t r a c e  i n  Raccoon S t r a i t  and ou t s ide  of Richardson Bay on December 11 
produced only low d e n s i t i e s  of f i s h ;  t h i s  may have been another example of e a r l y  
season spawning behavior ( shor t  residency i n  t h e  Bay), r e s u l t i n g  i n  an underest i-  
mate of acous t i c  biomass. We considered t h i s  t o  be a separa te  school  (5); al- 
though i t  could have been a p a r t  of school 6; variable-mesh g i l l  n e t  sample from 
Belvedere Cove on December 11 yielded a l l  r i p e  f i s h ,  while a midwater t rawl  
sample near Yerba Buena Is land on December 10 contained 50% unr ipe  females. 
The l a t t e r  sample was most l i k e l y  p a r t  of school  6 which we detec ted  hydro- 
acous t i ca l ly  December 7 and 10 near  t h e  Oakland Bay Bridge. On December 13, 
fishermen t o l d  us of a school ( t h e  same school  6) occurring a t  n igh t  between t h e  
Golden Gate Bridge and Angel Is land.  On December 17, a t  low s l a c k  water during 
the  day, we obtained a good acous t i c  t r a c e  of the  major i ty  of t h e  school  between 
the  Palace of Fine Arts and P ie r  24. Spawning occurred from t h a t  n igh t  u n t i l  
December 20 i n  the  South Bay along the  San Francisco shore l ine .  G i l l n e t t e r s  
caught about 750 tons  from t h i s  school. 
On December 21, a f t e r  t h e  South Bay spawn was completed and t h e  peak i n  g i l l  
ne t  landings subsided, a new school  (7)  was monitored near  Blossom Rock (BR) Buoy 
and from Yerba Buena Is land t o  Central  Basin. Variable-mesh g i l l  n e t  samples on 
December 21 and 2 8  yielded 25% unripe females. On January 2, 4 ,  and 6 a small ,  
but high-density school was located  near  Ayala Cove, Angel Is land.  Estimated bio- 
mass was much too high t o  account f o r  the  small spawn i n  Sausa l i to  January 9 
(school 8), and i t  is l i k e l y  t h a t  t h i s  was p a r t  of school  7. I n  t h e  South Bay, 
small .schools  were encountered near  t h e  Oakland Bay Bridge on January 2 and 6, 
but due t o  boat problems, we were unable t o  search  south of the  bridge a t  a cri- 
t i c a l  t i m e ;  t he  majori ty of the  l a r g e s t  school (7) of the  season had b u i l t  up ---1 
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s ince  December 21, moved south of the  bridge and began t o  spawn on the  n ight  of 
January 6 along the  San Francisco shorel ine.  One g i l l  ne t  platoon caught 2256 
tons from t h i s  school i n  2 d. By the  time we were ab le  t o  ob ta in  an acous t i c  
t r ace  on January 8, pa r t  of the  school had spawned and, based on MRR's spawn 
deposit ion es t imate ,  we f e e l  we may have missed an add i t iona l  4000 tons.  
On t h a t  same day, we monitored another l a r g e  school (9) near Alcatraz 
Island. The same school again was detected January 15 near t h e  Golden Gate Bridge 
and moved t o  the  South Bay where spawning began January 20, peaked January 24 and 
25, and ended by the  27th. This school was responsible f o r  the  e n t i r e  ca tch  of 
1822 tons from the  odd g i l l  ne t  platoon, the  remainder of the  MI platoon quota, 
and the f i r s t  s ign i f i can t  roundhaul landings (126 tons) .  Considering both the  
extensive landings and spawn deposit ion,  our hydroacoustic es t imate  probably 
missed pa r t  of the school. 
Herring were present i n  the Bay on January 30 near Alcatraz and the  Oakland 
Bay Bridge. On February 6, a good t r a c e  was obtained of schools 10 and 11. The 
f i s h  responsible f o r  the  small spawn a t  Coyote Point (11) could not be d i s t i n -  
guished acous t i ca l ly  from those i n  the  North Bay (10); extensive movements were 
common p r i o r  t o  the  spawns. The bulk of the  school was located between Alcatraz 
and the  Oakland Bay Bridge. Another pa r t  of t h i s  school occurred e a s t  of Angel 
Island,  but boat problems precluded acoust ic  monitoring of a l l  of i t .  On Febru- 
ary  11 a school was detected seaward of the  Golden Gate Bridge. Based on the  
percentage of unripe females, t h i s  w a s  most l i k e l y  the  Angel Is land school. A 
small port ion of these f i s h  spawned on February 13 a t  Coyote Point and the  ma- 
j o r i t y  of the  school spawned February 16 and 17 along Raccoon S t r a i t .  Roundhaul 
vessels  landed 1673 tons from school 10. 
A new school (12) entered the Bay around February 20. We obtained a good 
trace on the next two successive days between China Basin and Alcatraz. On 
February 25 and 26 these fish spawned on the Angel Island shore after round- 
haulers had landed 420 tons. 
The last major school (13) of the season was present in Raccoon Strait and 
near Sausalito from February 28 until spawning occurred March 9 on the Angel 
Island shoreline. Our best acoustic traces were obtained February 28 and March 
4. Only three roundhaulers were fishing and 10 tons were landed. 
Residual adult herring were present in the North Bay until March 22, veri- 
fied by variable-mesh gill net samples, but no spawning occurred and aggregations 
were not dense enough to be detected by our fathometer at its standard gain set- 
ting. By the end of March the only schools encountered were anchovies and field 
work terminated. 
A compilation of plots of herring schools located hydroacoustically during 
the past four seasons (Figure 5) shows that most of the Bay deeper than 60 ft and 
large portions of the shallower areas have been used as holding areas prior to 
spawning. 
Tomales and Bodega Bay Surveys 
The two exploratory, daytime surveys at the request of local fishermen pro- 
duced little hydroacoustic activity. Only small aggregations of fish were 
present in the "deep" (50-ft) holes of Tomales Bay, and it was decided that night 
surveys would yield greater biomass. 
Acoustic Biomass Estimates for San Francisco Bay 
Our total hydroacoustic biomass estimate of 29 480 tons (Table 4) is un- 
doubtedly conservative due in part to our failure to detect small schools and 
portions of larger schools, particularly number 7, prior to spawning. Our total 
most likely underestimates spawning biomass by at least 5500 tons, primarily from 
FIGURE 5 .  Cumulative location of all herring schools in San Francisco Bay, 
1982-85. 
schools 4, 5, 7, and 9, and thus, our best adjusted estimate for the 1984-85 aea- 
son would be approximately 35 000 tons. PIRR's spawn escapement estimate plus the 
commercial catch was 46 170 tons (Table 1). 
When target strength correction factors obtained this year are applied to 
- - - - - -  
- - - - - - - - - -  
- - - - 
- - - - 
- - - 
our 1983-84 season hydroacoustic biomass estimate, an adjusted total of approxi- 
mately 25 000 tons results, compared with 40 000 tons for MRR's spawn escapement 
estimate plus catch. For the 1982-83 season, the first in which hydroa'coustic 
biomass estimates were obtained, our adjusted estimate and MRR's spawn escapement 
estimate plus catch were 65 000 and 59 000 tons, respectively. Although estimates 
by these two methods differ within a year, they show the same trend of a substan- 
tial decline and partial recovery of stock biomass during the past three seasons. 
MRR calculated 95% confidenci limits for 1984-85 spawn escapement estimates 
CSptatt 1985a) ,-within which our -total-estimate- wwl& lie. - Hcxweuer, the 
variation in our method is unknown, and, until we acquire a scientific grade 
echosounder, confidence limits cannot be established. The visual calibration 
factors obtained this season have increased the accuracy of our hydroacoustic 
biomass estimates. 
Herring Samples 
Sixty-six samples of adult herring were collected in San Francisco Bay from 
November 9, 1984 to March 22, 1985 (Appendix A); these contained a total of 8031 
fish. Herring were sampled from all schools except numbers 1, 3, and 8. Commer- 
- - - - - - - - - - - - - - - - -  
- - - - - - - - 
- - - - 
cia1 gill net samples are biased due to mesh selectivity and were not included in 
size and age composition data combined by school. However, data from these sam- 
ples were used for age assignments by length (for size intervals greater than 209 
mm BL) and for gill net selectivity curves. 
Size Composition 
L 
Variablelnesh Gill Net Samples. Our five- and six-panel gill net8 caught a 
total of 2368 herring in 24 samples (Appendix B) from all schools except 1, 3, 8, 
and 12. Samples grouped by assigned school number showed a general trend of de- 
creasing mean BL as the season progressed (Table 5), similar to data from previous 
seasons (Reilly and Moore 1983, 1984). The first large school (greater than 1000 
tons) of the season (6) was also the first one to contain significant numbers of 
smaller fish (less than 170 mm BL). The change in size composition is most likely 
related to timing of maturation. In general, larger, older herring mature and 
spawn earlier in the season than younger fish. 
A series of gill net selectivity curves was generated for the 1.5, 1.75-, 
2.0-, 2.25, and commercial 2.125-in. mesh sizes by months (Figures 6-10); only 2 
and 34 fish were captured in the 1.25- and 2.5-in. meshes, respectively. Monthly 
mean lengths were fairly similar within each mesh except for the 1.75-in. mesh, and 
the means do not overlap those from another mesh size. Mean BL data by mesh size 
from the past four seasons are summarized in Table 6. The range of means for a 
particular mesh size during four seasons overlaps slightly that of the next larger 
or smaller mesh, with the exception of the 1.25b. mesh. This indicates that our 
mesh array is sufficient to sample all sizes of adult herring and is also sensitive 
to variations in growth, year class strength, and differences in age composition 
between schools if sample size is adequate. 
Midwater Trawl Samples. Only 642 herring in eight samples (Appendix C) were 
caught with our midwater trawl, representing schools 4, 6, and 10-11. As in pre- 
vious seasons, combined school means (Table 7) were smaller than those from the 
variablelnesh gill net for a particular school. The difference was less when gill 
net sample size was large and indicates a bias in gill net samples towards larger 
TAELE 5. Number of Pac-i f i c  Kerifi.ing hy Pt-irZy Length (2-nlrn Interval s )  , Combined 
by Assigned School Nt;tnbcv, f ron, V a r ~ i l  b l  P-Mesh G i  11 Net- ~ a m p l e s  .
$an Francisco Eay, N~ven'er 1984 t o  February 1985. 
S i  ze 
i n t e rva l  Assigned School Number 
I 48 9 7 548 945 9 3 11 7 
198.0 188.6 196.0 185.0 184.2 175.6 178.1 174.2 
Std. dev. 9.0 12.0 13.2 13.2 13.6 14.6 13.3 15.9 
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FIGURE 6. Percent s ize frequencies (2-mrn intervals)  from 
1.5-in.mesh g i l l  net samvles, San Francisco Bay, 
November 1984 t o  Farch 1385. 
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FIGURE 7.  Percent s ize frequencies (2-mn intervals)  from 
1.75-in. ~ e s h  g i l l  net s.amnles, San Francisco Gay, 
November 1984 to  March 1985. 
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FIGURE e. Percent s i ze  frequencies (2-mm iv:tervals) from 
2.0-in.mesh g i l l  net s a ~ p l e s ,  San Franc i sc~  Bay, 
Kovember 1984 t o  March 1985. 
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FIGURE 9. Percent s i ze  frequencios (2-mm intervals)  from 
2.25-in. rest1 g i l l  net s a ~ p l e s ,  San Francisco Bay, 
November 1984 t o  larch 1985. 
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FIGURE 10. Percent s ize frequencies (2-mm interval s )  from 
2.125-in.mesh commercial g i l l  net samples, San 
Francisco Bay, December 1984 t o  January 1985. 
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TABLE 6. Sununary of Mean Body Length by Mesh Size from Variable-Mesh 
Gill Net Samples frcm San Francisco Bay, 1982 to 1985. 
Nov-Dec 1982 
I' 1983 
" 1984 
Jan 1982 
" 1983 
" 1984 
" 1985 
Feb-Mar 1982 
" 1983 
I' 1984 
" 1985 
Neigh ted grand 
mean 
Mesh s ize  (in.) 
1.25 1.5 1.75 
N Mean BL I Mean BL N Kean BL 
I 1 
N Kean BL 
TABLE 7 .  Number o f  P a c i f i c  Herring by Body Length 
by Assigned School Number, f r o m  Eidwater 
San Francisco Bay, November 1984 t o  February 1985. 
(2-mm I n t e r v a l s )  , Combined 
Trawl and Roundhaul Samples, 
i4idwater Trawl Roundhaul 
Assigned School Number Assigned School Number 
4 6 10-11 9 10-11 12 
1.30- 1 39 4 5 5 1 / 
142 
144 
146 
148 
150 
152 
154 
156 
158 
160 
162 
164 
166 
168 
170 
172 
174 
176 
178 
180 
182 
184 
186 
188 
190 
192 
194 
196 
198 
200 
20 2 
204 
206 
208 
21 0 
21 2 
21 4 
21 6 
21 8 
220 
22 2 
N 
Mean 
Std. dev. 13.8 12.9 15.1 14.1 
fish, particularly when N is small. Sample means from trawl-caught herring in 
December were much higher than those from February, consistent with gill net sample 
trends. 
Purse Seine and Lampara Net Samples. We measured 3566 herring from 19 samples 
(Appendix D), taken from January 18 to February 26 from schools 9, 10-11, and 12. 
The roundhaul fishery is relatively brief and seasonal trends in size composition I 
are not as apparent when compared with samples from our research gear during the I 
entire season. However, mean BL for school.9 was greater than that of 10-11 and 
12 (Table 7). Mean BL from school 10-11 was similar from midwater trawl and 
roundhaul samples, indicating that the trawl is an unbiased sampler when N is 
1 
sufficiently large. Also, the gill net sample mea 
significantly different from roundhaul samples (t= 
gill net sample means may approach unbiased means 
Commercial Gill Net at 2.125 in. throughout the 
fishing season, so the trend t BL from December to January 
(Appendix E) was real and not due to change in mesh. We obtained 15 samples from 
schools 4, 5, 6, 7, and 9 during December and January. During the previous two 
seasons, mean BL in samples from 2.125-in. mesh ranged from 196 to 204 mm. During 
the 1984-85 season, sample means were as low as 187 mm. Higher growth rates, fol- 
lowing the cessation of the El Nino event, allowed fish to add proportionally more 
weight (and girth) at length; thus, shorter but fatter fish were caught. 
Sex Ratios 
A trend was evident of an increasing proportion of females as the season 
progressed, as shown in data from our variable-mesh gill net and midwater trawl 
samples (Table 8). The preponderance of males in November continued into 
TABLE 8. Percentage Sex Composition of Pac i f ic  Herring Samples by Gear Type from San Franctsco Bay, 
November 1984 t o  March 1985. 
Variabl e-mesh P i  dwater Commerci a1 
g i l l  net  trawl Roundhaul g i l l  ne t  
I 1 
percent  percent -nercent - percent  + 
Month N male female N male femal N male female N male female 
November 
Decenber 
January 
February 
March 
- - - 
- - - 
460 40 60 
3106 46 54 
- -. - 
228 71 2 9 
956 57 43 
945 48 5 2 
93 53 47 
146 44 56 
320 65 35 
127 58 0 2 
- - - 
192 49 51 
- - - 
- - - 
I 
497 57 4.3 w 
958 47 53 
- - - 
W 
I 
- - - 
December and was responsible for the low overall roe count of 10% for the XH gill 
net fishery. The shift towards a majority of females began in mid-January when 
school 9 moved into the Bay. Roe count for even-numbered gill net permittees 
fishing school 7 in early January averaged only 10.8%, while the next platoon, 
fishing school 9, averaged an industry-acceptable 13.4%. 
Roundhaul data from mid- to late January (Table 8) is misleading in that we 
suspect that one lampara sample, obtained from a dockside bin, may have been culled 
by the crew before landing. The percentage of females in the sample, (68), seems 
;nusually high to reflect a random occurrence. Excluding that sample, the percent- 
age of females from roundhaul samples in January was 53, consistent with other gear 
types. 
Previous data (Reilly and Moore 1984, 1983, 1982) indicated a trend of in- 
creasing percentage of female herring with increasing mesh size in our variable- 
mesh gill net samples. Data from this season is consistent with the past; percent- 
ages of females from 1.5-, 1.75-, 2.0- and 2.25-in. mesh sizes were 36, 43, 48, and 
62, respectively. 
. Male herring may experience a higher fishing mortality than females in two 
P 
ways. It appears that all males are mature and are fishable as 2-yr olds, and a 
small proportion may mature and join spawning schools at the end of their first 
year's growth. Of more than 850 fish aged as 2yr olds in the past'two seasons, 
55% were .males, and of 20 fish aged as 1-yr olds, 17 were males. Assuming a 1:l 
sex ratio prior to recruitment to the fishery, this indicates that not all females 
become spawners by their 2nd yr, consistent with data presented by Spratt (1981). 
A higher proportion of larger males than females comprises San Francisco Bay's 
spawning runs in November and December. The December fishery results in selective 
mortality on both younger and older males and may be responsible for the change in 
sex r a t i o s  ae herr ing grow older.  During the past  two seasons, 63X of the  7-yr 
olde and 70% of the  8 y r  olda i n  our samples were females. 
Weight and Length 
Weights and lengths from 1696 herr ing co l l ec ted  from November.1984 t o  March 
1985 were used t o  generate the  following equations using n a t u r a l  l o g  transforma- 
t ions  : 
For males: 
I n  W = -12.10 + 3.20 I n  L r = -98, N = 813 
For unripe females: 
I n  W = -12.22 + 3.22 I n  L r = -98,. N = 168 
For r i p e  females: 
I n  W = -12.02 + 3.19 I n  L r = .98, N = 715 
For a l l  herring:  
I n  W = -12.13 + 3.21 I n  L r = .98, N = 1696 
Predicted weights a t  length  f o r  males, r i p e  females, and a l l  f i s h  a r e  presented 
i n  Appendix F. Last season, the  ca lcula ted  weight/length equation f o r  1570 
herring was a s  follows: 
In W = -11.94 + 3.14 I n  L r = .98 
Predicted weight f o r  t h i s  season ranged from 13% higher f o r  s m a l l  f i s h  t o  18% 
higher f o r  l a rge  f i s h  compared with 1983-84 da ta  (Appendix F), i n d i c a t i n g  a re- 
covery from poor growth condit ions associa ted  with the  1982-83 E l  ~ i z o  event. 
.Predicted values f o r  the  1984-85 season a r e  approximately 10% g r e a t e r  than his-  
t o r i c  values ca lcula ted  from an equation i n  Spratt (1981) f r o m  weights taken f r o m  
1973 t o  1977 (Appendix F). Other da ta  p resen ted . in  t h i s  r epor t  (agellength and 
age/weight r e la t ionsh ips ,  s i z e  composition of commercial g i l l  ne t  ca tch)  ve r i fy  
the  robust condit ion of San Francisco Bay herr ing t h i s  season. 
Length A t  Age 
Mean BL a t  age was g r e a t e r  than t h a t  f o r  1983-84 samples f o r  ages 2 through 
6, and f o r  ages 2, 3, and 4 averaged 8 mm g r e a t e r  than the  previous season (Table 
9). Mean BL f o r  7- and 8-yr-old herr ing  were approximately equal  f o r  t h e  pas t  
two seasons. The recovery from poor growth condit ions associa ted  with El  N ~ G O  
thus was more not iceable  i n  younger f i s h .  Of p a r t i c u l a r  i n t e r e s t  w a s  t he  d i s -  
t r i b u t i o n  of BL wi th in  the  s t rong  1982 y r  c l a s s ;  f o r  example, 57% of these  3-yr 
olds exceeded 179 mm BL t h i s  year ,  while only 13% of 3 y r  o l d s  were longer than 
179 nrm during the  1983-84 season. The 1982 y r  c l i s s  averaged 153 mrn BL during 
the  1983-84 season a s  2-yr o lds ;  average annual growth was 28 mm i n  BL. The 
s t r u c t u r e  of the  o t o l i t h  exemplified t h i s  unusually high growth r a t e  i n  t h a t  t h e  
l a s t  opaque zone deposited during the  pas t  year was noticeably broader than i n  
any o the r  3-yr o lds  we have examined. 
Weight A t  Age 
Mean weight a t  age of he r r ing  showed a s u b s t a n t i a l  recovery from condit ions 
during the  El  ~ i E o  event of 1982-83. Weight a t  age w a s  41% g r e a t e r  f o r  3-yr o lds  
t h i s  season than during the  1983-84 season (Table 9), and weights were 15 t o  36% 
higher f o r  o the r  ages. Growth r a t e ,  a s  indica ted  by weight,  was r e l a t i v e l y  higher 
fo r  younger f i s h .  Mean weights f o r  ages 2-6 y r  were higher than h i s t o r i c a l  values 
(Table 9). 
Age Composition 
Pa i r s  of o t o l i t h s  were aged f o r  1937 herr ing  from variable-mesh g i l l  n e t ,  
- midwater t rawl ,  and roundhaul samples (Table 10); ages ranged from 1 t o  8 yr. An 
addi t ional  155 l a r g e  herr ing  were se lec ted  f o r  aging from t h e  g i l l  n e t  and round- 
haul f i s h e r i e s  (Appendices H and I). 
Variable-mesh G i l l  Net Samples. Schools 2, 4, and 5, occurring from Novem- 
ber t o  mid-December, contained higher proportions of o lde r  f i s h ,  pr imar i ly  4- t o  
TABLE 9. Age, Length, and Weight Relat ionships f o r  San Francisco 
Bay Herring. 
H i s t o r k  1983-84 1984-85 
Age (~e?rs) mean BL(mn) Y mean BL (rrm);' m a n  BL (mm) 
Past  2 y r  
H i s t o r i c  1983-84 1984-85 percentage 
Age mean wt(g)L2 mean wt(g)Zi mean wt(g) d i f fe rence  
Lr Data from regressions i n  Spra t t  (1981). 
2' Data from R e i l l y  and Moore (1984). 
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TABLE 10. Number. of Pacif ic  Herring a t  Age by Body Length (2-mm In te rva l s )  
from All Saoi Francisco Bay Samples (Excluding Commercial Gill Net) ,  
Novenlber 1354 t o  March 1985. 
Size 
interval  Age (years) 
(mm) 1 2 'u 6 7 8 
N 20 511 742 
Mean 136.4 160.7 181.0 
S td .  dev. 4.2 7.5 9.6 
7-yr olds, than later schools (Table 11). This is similar to data from previous 
seasons, As the spawning seaeon progressed, 3-yr olds, and then 2 y r  olds, 
became the two dominant year classes of spawning schools, comprising 81-842 of 
samples from schools 9, 10-11, and 13 (mid-January to mid-March). The 1981 yr 
class continued to be poorly represented as 4-yr olds, comprising no more than 
12% of samples after early November. Two-year olds did not appear in significant 
proportions until mid-January (school 9), similar to the 1983-84 season. 
Roundhaul and Midwater Trawl Samples. The same general trend was apparent 
even though only five schools were sampled (Table 12). Older year classes were 
poorl-y represented beginning with school 9, and the 1982 and 1983 yr classes 
comprised between 86 and 94% of samples from schools 9, 10-11, and 12. 
It is assumed that roundhaul samples are unbiased and that sufficiently 
large trawl and some gill net samples yield similar results. When age composi- 
tion is mixed, as in school 4, or when gill net sample size is small, as in 
school 10-11, gill nets appear to over-estimate the proportion of older fish. 
This was found in 1983-84 data as well (Reilly and Moore 1984). 
Total Age Composition for Spawning Season. Results indicate that the 1982 
yr class (3-yr olds) contributed almost one-half of the total spawnfng biomass by 
weight during the 1984-85 season (Table 13). This was also the dominant year 
class as 2-yr olds in our stocks during the 1983-84 season. The relative contri- 
butions of the 1982 and 1981 year classes as 3-571- olds indicate the weakness of 
the latter, which, as 2-yr olds, comprised only about 15% by number of spawning 
schools (Reilly and Moore 1984). The 1983 yr class (2-yr olds) appears to be 
healthy, contributing about 30% by number to all spawners this season. One-year- 
old (1984-yr-class) herring occurred frequently enough to be considered as part 
of this season's recruitment and contributed about 0.5% by number to the total 
spawning biomass. 
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TABLE 11. Age C~mposition of Pacific Herring Samples, Conbined by Assigned School I4uinber, Based on O t o l i t h  
Ag ing  and Subsequent Age by Length, from Variable-Kesh Gill i i e t  in San Francisco b y ,  
November 1984 to  March 1985. 
School Number a t  age (years) Percent a t  age (years) Number Nunber 
number 1 2 3 4 5 6 7 8 T o t a l 1  2 3 4 5 6 7 8 a g e d  assiqned 
I 
4 
TABLE 12. Age Composition o f  Pacific Eerring Samples, Ccnlhined by Assigned School Number, Based on O t o l i t h  Acing 0 
and Subsequent Age Assignments by Length, from Kidwater Trawl and Corrmercial Purse Seine and Lanpara I 
Net  i n  San Francisco Bay, November 1984 t o  February 1985. 
School Number a t  age (years) . Percent a t  age (years) N u ~ b e r  Nunbet- 
number 1 2 3 4 5 6 7 8 T o t a l  1 2 3 4 5 6 7 8 aged assigned 
i 
*T = trace, l ess  than 1% 
TABLE 13. Total Percentage Age Composition f o r  1984-85 and 1983-84 Spawnfng Seasons i n  
San Francisco Bay Based on MRR and MRB Biomass Estimates. 
from MRR spawning 
b i  ornass est imate 
and c m e r c i a l  
catch 
from MRB hydro- 
acoust ic  biomass 
est imate 
from MRR spawning 
biorass estimate 
and conmercial 
catch 
from FlRB hydro- 
acoustic biomass 
estimate 
Percent by Number 
Age (years) 
1 2 3 4 5 6 7 8 
1984-85 0.5 32.5 45.8 6.9 5.8 6.6 1.6 0.3 
1983-84 - 62.9 11.1 13.0 9.5 2.7 0.6 0.2 
Percent by Weight 
Age (years) 
1 2 3 4 5 6 7 8 
1984-85 0.2' 22.5 48.0 8 . 3  7 . 8  10.0 2 . 6  0.6 
1983-84 - 48.7 12.3 17.4 15.8 5.0 0.7 0.1 
Stratified vs. Random Sampling for Age Composition 
In both sets of data (samples 257 and 294), the distribution of ages from 
the stratified random sample was not significantly different from that of the 
random sample at the '0.05 level of significance. However, several cells had 
expected frequencies less than five, particularly from the random sampling in 
sample number 294, which may jeopardize the validity of the Chi-square test. 
Further comparisons with a larger random sample size are necessary to properly 
evaluate the merits of the two sampling methods. 
Fecundity 
Fecundity estimates were completed for 94 unripe herring collected from 
December 1984 to February 1985 in San Francisco Bay. Body lengths of sampled 
herring ranged from 144 to 216 mm, and fecundity estimates ranged from 8109 to 
44 341 (Figure 11, Appendix G), although these two estimates did not correspond 
to the above lengths. Mean BL, weight, and number of eggs for all fish sampled 
were 181.6 mm, 99.1 g, and 22 628, respectively. The mean of 94 ratios of 
eggs/total body weight was 227.1 with a 95% confidence interval of 5.1 eggs. 
This value was used by MRR for spawn escapement estimates for 1984-85 and is 
slightly higher than the 1983-84 ratio of 220.9 + 4.9 eggs/g which we derived 
from 153 fish. A Student's T test was performed on the mean ratios of the two 
samples and they were not significantly different at alpha = 0.05 (T = 1.65, 
degrees of freedom = 245). 
The regression of weight on eggs for 1984-85 samples was as follows: 
number eggs = -890.6 + 237.3 weight (g) r = .96 
The 1983-84 regression (Figure ll), 
number eggs = -1935.5 + 249.1 weight (g) 
was statistically compared to this season's equation. An overall test between 
-. 
the two regression lines yielded no significant difference at the alpha = 0.05 -? 
level of significance (F = 0.904, d.f. = 2243). A similar regression was 
g 
a*-? 
I to- 
L 
t .  
3V) 
CO Lcn 
or -  
e 
generated from d a t a  i n  Rabin and Barnhart (1977) f o r  Humboldt ~ a y  (northern 
Cal i fornia)  (Appendix G ,  Figure 11) : 
number eggs = -716.3 + 226.8 weight (g) r = .99,  N = 37 
Although t h e i r  ca lcula ted  mean r a t i o  of 220 + 35 eggs/g i s  s i m i l a r  t o  our da ta ,  
an o v e r a l l  t e s t  of the  th ree  regress ion  l i n e s  showed a s ign i f i cance  d i f fe rence  a t  
alpha = 0.05 (F = 5.02, d.f. = 3,279). Predicted fecundi ty  is  less f o r  a l l  
Humboldt Bay herr ing  g r e a t e r  than 54 g than f o r  e i t h e r  of our 2 y r  of da ta .  
Spawning and Environmental Factors  
Temperature and S a l i n i t y  
Temperature between the  su r face  and 20 m i n  San Francisco Bay f o r  November 
through March ranged from 9.3 t o  13.3OC a t  Peninsula Pt. and 9.3 t o  14 .4°~  at 
Pier  24 (Figure 1, Appendix J). Temperature decreased through November and 
December with the  low occurring on the  same d a t e  i n  both locat ions .  Bay waters 
remained cool  throughout January wi th  temperature increas ing during the  rest of 
0 the survey period. Surface and 20 m temperatures were wi th in  1.0 C on survey 
dates when p r o f i l e s  were obtained a t  both loca t ions  on the  same day. 
S a l i n i t y  a t  Peninsula Pt .  during t h e  survey period ranged from 20.8 t o  29.2 
ppt a t  the  surface  and from 25.8 t o  29.5 ppt a t  20 m (Figure 1, Appendix K). 
During the  same period s a l i n i t y  a t  P i e r  24 ranged from 19.8 t o  27.1 ppt  a t  t h e  
surface and from 24.4 t o  28.5 ppt  a t  20 m (Figure 1, Appendix K). S a l i n i t y  
decreased through November a f t e r  more than 6 i n .  of r a i n  f e l l  with lowest read- 
ings occurring i n  e a r l y  December i n  both loca t ions .  By e a r l y  January s a l i n i t i e s  
began t o  r i s e  and remained f a i r l y  high except f o r  su r face  readings during periods 
of s i g n i f i c a n t  r a i n f a l l .  A t  P ie r  24, salinities a t  20 m were on t h e  average 
about 1.0 pp t  less than those obtained a t  Peninsula Pt .  on the  same day. 
Tides, Barometric Pressure and Ra in fa l l  
From October 1984 t o  March 1985 t he re  were 11 t i d a l  cycles  i n  which the  
highest t i d e  during a 24-h period occurred a t  n ight  (sunset  t o  sunr i se )  (Figure 
12). Spawning occurred during four  of these  cycles  during the  spawning season. 
Six more spawns coincided with the  highest  t i d e  occurring during t h e  morning. As 
seen i n  pas t  seasons, high t i d e s  seem t o  be a major inf luence  on t h e  timing of 
spawns. 
Numerous periods of f a l l i n g  barometric pressure (Figure 12) occurred through- 
out the  spawning season, but t h e r e  appears t o  be l i t t l e  c o r r e l a t i o n  wi th  the  onset 
of spawning as was seen i n  the  1981-82 season (Re i l ly  and Moore 1983). 
Tota l  r a i n f a l l  during the  spawning season amounted t o  14.4 i n .  wi th  the  major- I 
i t y  (8.0 in.)  f a l l i n g  i n  November and December (Figure 12). The timing of periods 
and amount of s i g n i f i c a n t  r a i n f a l l  (> 0.1 in.) was q u i t e  s i m i l a r  t o  the  previous 
spawning season. As with l a s t  season, heavy r a i n f a l l  and assoc ia ted  reduced 
s a l i n i t i e s  probably d id  l i t t l e  t o  i n h i b i t  spawning s i n c e  l a r g e  schools  of herr ing  
were not present  i n  the  Bay during t h a t  period.  Fa l l ing  barometric pressure and 
periods of s i g n i f i c a n t  r a i n f a l l  seem t o  add t o  the  t i d a l  c o r r e l a t i o n  with spawn- 
ing when these  events occur simultaneously (Figure 12). 
The aforementioned f a c t o r s  may allow us t o  p r e d i c t  the  timing of.spawns t o  
some ex ten t ,  but they do not  allow us t o  p r e d i c t  the  locat ion .  Heavy r a i n f a l l  
and reduced s a l i n i t i e s  seem t o  i n h i b i t  spawning i n  some loca t ions  (Rei l ly  and 
Moore 1983), but physical  f a c t o r s  alone may not  determine spawning s i t e  choice. 
The majori ty of the  spawning again occurred i n  the  south Bay along the  San 
Francisco waterfront ,  and temperature and s a l i n i t y  p r o f i l e  d a t a  suggest  t h a t  phy- 
s i c a l  condit ions were f a i r l y  s imi la r  t o  the  nor th '  Bay. 

Algal Surveys 
Pre-season algal surveys during the last two seasons have shown an increase 
in average algal biomass in historic north Bay spawning sites. In the 1983-84 
season, 16X of the total herring biomass used these north Bay sites. In the last 
season, 30% of the total herring bicmass spawned in the north Bay. While it may 
be too soon to predict a trend, an increase in size and density of the 
algal beds may again make these areas more attractive as spawning sites. 
DlSCUSSION 
During the past four herring spawning seasons our biological data base has 
been expanded and our sampling methodology refined .and improved. Information 
obtained by our research project and from 12 yr of spawn escapement surveys by 
MRR is vital for rational management of this important fishery in San Francisco 
and Tomales Bays. 
A goal of this project continues to be the acquisition of a scientific-grade 
echosounder and transducer for collection of hydroacoustic data which can be quan- 
tified by echo integration. This will improve the accuracy of our biomass esti- 
mates, which continue to serve as a second, independent method of herring stock 
assessment (the first is the spawn escapement surveys). 
The past season was characterized by the presence of two strong year classes 
(1982 and 1983) which should remain so during their life in the fishery. CPUE 
data from Bay-Delta Project samples from 1984 indicate that this year class had 
better larval survival than that of the 1983 yr class. Unpublished CPUE indices 
from Bay-Delta Project samples for 1985 are more than twice as high as in 1984 
(Chuck Armor, Dept. Fish and Game, Stockton, pers. commun,), Thus, stocks of 
pre-recruitable YOY and juvenile herring also appear to be in good condition. 
The c e s s a t i o n  of the  1982-83 El ~ i g o  event  r e s u l t e d  i n  increase growth rates 
f o r  a d u l t  he r r ing  i n  the ocean dur ing  the  non-spawning season i n  1984. Kela- 
t i v e l y  cold sea su r face  temperatures  and an abundance of l a r v a l  r o c k f i s h  and F 
euphausids (Pe te  Adams, NMFS, Tiburon, pers .  commun.) i n d i c a t e  t h a t  oceanic  
condit ions i n  1985 a r e  conducive t o  normal growth r a t e s  f o r  c e n t r a l  C a l i f o r n i a  
- - - -  
- -  - - - 
herr ing.  We can s e e  no b io log ica l -  b a s l s  which- would- prevent- the corrti-nued - -  - - - - - - 
recovery of l o c a l  spawning s t o c k s ,  which reached a 5 y r  low l e v e l  of abundance 
during t h e  1983-84 season. 
Management o b j e c t i v e s  i n  San Francisco and Tomales Bays cont inue  t o  be the  
establ ishment  of quotas no t  exceeding 20% of t h e  previous season ' s  spawning bio- 
mass and an emphasis on g i l l  n e t s  as t h e  primary method of ha rves t ing ,  s e l e c t i n g  
o lde r  f i s h  which have spawned one o r  more seasons previous ly .  Some f i s h e r y  regu- 
l a t i o n s  have changed t o  accommodate sugges t ions  by fishermen, b i o l o g i s t s ,  and l a w  
- - 
- - - - 
enforcement- personnel-, o r -  t o  a d j u s t  to -  changing school ing  and spawning l o c a t i n s  
- - - - - - - - - -  
- - - -  
of our s tocks .  The u l t ima te  goa l  of t h e  Department is t o  i n s u r e  t h e  cont inua t ion  
of a hea l thy  he r r ing  resource  which i n  t u r n  w i l l  provide a s t a b l e ,  long-term 
f i she ry .  
We have seen  a t rend towards sma l l e r  mesh s i z e  i n  t h e  g i l l  n e t  f i s h e r y .  A s  
y e t ,  we have no b i o l o g i c a l  b a s i s  f o r  eva lua t ing  i ts  impact due t o  t h e  few years  
i n  which 2.125-in. mesh has been used. However, w e  do no t  recommend f u r t h e r  mesh 
s i z e  reduct ions ,  p a r t i c u l a r l y  i n  t h e  December (XH) f i s h e r y ,  because t h e  s i z e  com- 
- - - - p o s i t i o n  o f ~ s c h o o l s  - (few - smal l  f i s h  which can s w i m  through t h e  mesh) i s  such t h a t  
- - - -  
- - - - - - - - - - - - - - -  
- - - - - - - - - - -  
- - - - 
t he  p o t e n t i a l  f i s h i n g  power of t he  f l e e t  could ca t ch  t h e  ma jo r i t y  of t hese  r e l a -  
t i v e l y  small  schools .  Furthermore, t he  he r r ing  f i s h e r y  was e s t a b l i s h e d  due to a 
demand f o r  prime roe  i n  Japan. Our d a t a  c o n s i s t e n t l y  have shown a d i r e c t  r e l a -  
t i onsh ip  between mesh s i z e ,  percentage of females i n  t h e  c a t c h ,  and subsequent 
roe  count. Smaller mesh s i z e  w i l l  r e s u l t  i n  an unacceptable  product t o  buyers.  
The 
spawn1 ng 
acoustic 
SUMMARY 
Pacific Herring Research Project began during the 1981-82 herring 
season in San Francisco Bay. Primary objectives are to obtain hydro- 
biomass estimates of each school of adult herring prior to spawning and 
to sample each school for age and length composition and sex ratio. During the 
November 1984 to March 1985 spawning season, a maximum of 13 schools entered San 
Francisco Bay and spawned, although large schools (greater than 1000 tons) occur- 
red only from mid-December to March. 
Our method of hydroacoustic biomass estimation does not involve echo inte- 
gration, but rather visual interpretation of herring school densities permanently 
recorded on acoustic echograms. Density scaling factors are derived from known 
densities from intercalibration surveys in 1985 using Washington Department of 
Fisheries' echo integrator and from biomass estimates obtained during charter of 
a purse seine vessel in 1983. 
Total biomass estimate for the 1984-85 season from hydroacoustic surveys was 
approximately 29 500 tons, and it was determined that at least 5500 additional 
tons were not detected. This is an increase from last season's adjusted total of 
approximately 25 000 tons. Although different from MRR's biomass estimate from 
spawn escapement plus commercial landings (40 000 tons in 1983-84 and 46 000 tons 
in 1984-85), hydroacoustic estimates showed a similar trend of recovering stock 
biomass. 
Sixty-six samples, containing a total of 8031 herring, were collected with 
variable-mesh gill net and midwater trawl or obtained from the roundhaul and gill 
net fisheries. Mean body length (BL) of variable-mesh gill net samples decreased 
from November to March, a trend observed in previous seasons. The first large 
school of t he  season,  which spawned i n  mid-December, was a l s o  t h e  f i r s t  t o  con- 
ta in  s i g n i f i c a n t  numbers of smal le r  f i s h  ( l e s s  than  170 mm BL). Roundhaul sam- 
p l e s  were f a i r l y  s i m i l a r  i n  s i z e  composition (mean BL from 166 t o  176 m) because 
the f i s h e r y  occurs  i n  t he  second ha l f  of t h e  season when sma l l e r  h e r r i n g  
predominate. 
Mean BL from commercial g i l l  n e t  samples ranged lower than  i n  previous sea- 
sons due t o  combination of smal le r  mesh s i z e  and h ighe r  growth r a t e s ,  causing 
s h o r t e r ,  but  f a t t e r  f i s h  t o  be caught.  
A t rend  was evident  of an inc reas ing  propor t ion  of females a s  t he  season 
progressed. Data from our var iable-mesh g i l l  n e t  samples show a d i r e c t  r e l a t i o n -  
sh ip  between percentage of females and mesh s i z e .  
Predicated weight-at-length f o r  t h i s  season was 13-182 h igher  than  f o r  
1983-1984, most l i k e l y  i n d i c a t i n g  a recovery from poor growth cond i t i ons  assoc i -  
a ted wi th  t h e  1982-83 E l  ~ i g o  event .  
Average fecundi ty  was est imated from egg counts  from 94 un r ipe  he r r ing .  
Mean value was 227.1 eggs/g wi th  a 95% confidence i n t e r v a l  of 5.1 eggs/g. 
Small he r r ing  schools  t h a t  spawned i n  November and December cons i s t ed  p r i -  
marily of 3- t o  6-yr-old f i s h .  Two-year o l d s  con t r ibu ted  more than  25% by number 
t o  spawning runs beginning i n  mid-January. The 1982 and 1983 y r  c l a s s e s  (3- and 
2-yr o l d s )  comprised 81-94% by number of schools  spawning from mid-January t o  
March, wi th  the  1982 y r  c l a s s  being p a r t i c u l a r l y  s t rong .  To ta l  age composition 
by weight f o r  a l l  San Francisco Bay h e r r i n g  dur ing  t h e  1984-85 season was 
est imated a s  fol lows:  2-yr o l d s ,  22%; 3-yr o l d s ,  48%; 4-yr o l d s ,  8%; 6-yr o l d s ,  
10%; 7-yr o l d s ,  3%; 8-yr o l d s ,  1%. 
Recovery from El Nin'o condi t ions  a l s o  was evidenced by age-length and age- 
weight r e l a t i o n s h i p s ,  p a r t i c u l a r l y  f o r  younger f i s h .  Mean BL f o r  2-, 3-, and 
4-yr-old he r r ing  averaged 8 mm g r e a t e r  than  i n  1983-84. Weight-at-age w a s  24 t o  
41% higher  f o r  ages 2 t o  6 y r  and 15 t o  16% h ighe r  f o r  7- and 8-yr o lds .  
An objective assessment was made of the available spawning substrate along 
the San Francisco shoreline between the Oakland Bay Bridge and Hunters Pt. Since 
1982 this area, consisting primarily of wooden and concrete pier pilings and rock 
rip-rap, has become the major spawning location for San Francisco Bay herring. 
The estimated 56 000 pilings and 38 700 linear feet of substrate yield approxi- 
2 
mately 300 000 ft of available substrate for each vertical foot of spawn. 
Samples and length-frequency data provided by the Bay-Delta Project from San 
Francisco Bay during March to August in 1983 and 1984 show well-defined modes for 
young-of-the-year (YOY) and juvenile herring. EOY fish ranged from 25 to 80 mm 
BL and juveniles (Ityr olds) ranged from 90 to 150 mm BL. Bay-Delta Project 
catch-per-unit-effort of YOY herring near the golden Gate Bridge may be a good 
indicator of year class strength at time of recruitment to the fishery as 2-yr 
olds. 
Salinity and temperature profiles taken during spawning season indicated the 
Bay to be relatively cold and saline compared with the previous two seasons. 
Monthly mean temperatures at 15 m were less than 12'~ from December to March and 
salinity ranged from 24 to 29 ppt. 
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APPENDIX A. Sumnary o f  A d u l t  Herring Samples from San Francisco Bay, 
November 1984 t o  March 1985. 
Sample 2,' Number Number Ass1 gned number Date ~ o c a  t l  od-I Gear- measured aged school number 
- -- 
Nov 9 K I E L  GN 5 
Nov 9 K I E L  KT 
Nov 26 PPIBELV GN5 
Nov 28 RAC 
Nov 29 RAC 
Dec 3 SB 
Dec 4 SB 
D e c 4  SB 
Dec 4 SB 
Dec 4 SB 
Dec 7 YBI 
Dec 7 PP 
Dec 10 YBI 
Dec 11 BELV 
Dec 12 FTEX 
Dec 12 SAUS 
Dec 13 AY 
Dec 17 SB 
Dec 17 BBSF 
Dec 18 SB 
Dec 21 SB 
Dec 28 SB 
Jan 6 YBI 
Jan 7 SB 
Jan 7 SB 
Jan 7 HP 
Jan 8 HP 
Jan 8 SB 
Jan 8 SB 
Jan 8 SB 
Jan 8 HP 
Jan 16 PP 
Jan 17 SB 
Jan 17 SB 
Jan 18 SAUS 
Jan 21 HP 
Jan 22 SAUS 
Jan 23 PP 
Jan 23 SAUS 
Jan 28 SB 
Jan 31 SB 
Jan31  SB 
Feb 4 BBSF 
F e b 6  QUAR 
Feb 7 SAUS 
Feb 11 DIAB 
MT 
MT 
CGN 
MT 
MT 
CGN 
CGN 
MT 
GN5 
MT 
GN 5 
CGN 
CGN 
GN5 
CGN 
GN 5 
GM5. 
GH5 
GN5 
GN6 
CG N 
CGN 
CGM 
GN5 
CGN 
CGN 
C EN 
CGN 
GN6 
CGU 
CG N 
R H 
GN6 
RH 
RH 
GF!6 
GM6 
R H 
R tl 
RH 
RH 
RH 
F? H 
- 55 - 
APPENDIX A.  (continued) . 
Samp 1 e Number Number Assigned 
number Date Locati oJ/ ~ e a 3  measured aged school number 
Feb 11 
Feb 12 
Feb 12 
Feb 12 
Feb 13 
Feb 13 
Feb 15 
Feb 18 
Feb 18 
Feb 19 
Feb 20 
Feb 21 
Feb 22 
Feb 26 
Feb 28 
Mar 4 
Mar 8 
Mar 11 
Mar 20 
Mar 22 
SAUS 
SAUS 
SAUS 
SAUS 
PP 
PP 
PP 
BELV 
BBSF 
BBSF 
BBSF 
BBSF 
TI 
RAC 
AY 
BELV 
FTBK 
SAUS 
PP/ SAUS 
PP/SAUS 
RH 
Rtl 
RH 
RH 
GN6 
MT 
GN6 
GN6 
RH 
RH 
RH 
RH 
RH 
RH 
GN6 
GN6 
GN6 
GY6 
GNG 
GM6 
L1~egend: A Y  - Ayala Cove, Angel Island; BBSF - Oakland-Bay Bridge 
a t  San Francisco; EELV - Belvedere Cove; DIAB - Point 
Diablo, Golden Gate; FTBK - Fort Baker; HP - Hunters 
Point; CUAR - Quarry Point ,  Angel Island; RAC - Raccoon 
S t r a i t ;  EAUS - Eausalito t o  Ye? low Bluff; SB - South 
San Francisco Bay between Oakland-Bay Bridge and tiunters 
Point; TI - Treasure Island; YBI - Yerba Buena Island. 
YLegend: CGN - commercial g i l l  ne t ,  2.125-in. mesh. 
GN5 - 5-panel g i l l  ne t ,  mesh s i ze s  1.5, 1.75, 2.0, 2.25, 
2.5 i n .  
GN6 - 6-panel g i l l  ~ e t ,  mesh s izes  as above p l u s  1.25 i n .  
MT - 12-by 12-f t  (mouth-opening) midwater trawl. 
RH - commercial purse se ine  o r  lamptira net. 
APPENDIX 0. Number o f  P a c i f i c  Herring by Body Length (2-nm I n t e r v a l s )  
from Variable-Mesh G i l l  Net  Samples i n  San Franc isco  Bay, 
November 9, 1984 t o  March 22, 1985. 
Size 
i n t e r v a l  Sample Number 
(d 252 256 265 267 270 272 273 274 275 276 
144-145 
146 
148 
150 
152 
154 
156 
158 
160 
162 
164 
166 
168 
170 
172 
1 74 
176 
178 
180 
182 
1 84 
186 
188 
190 
192 
194 
196 
198 
200 
202 
204 
206 
208 
21 0 
21 2 
21 4 
21 6 
21 8 
220 
222 
224 
226 
228 
N 
Mean 
Std. dev. 
APPENDIX B. (continued) 
S i  ze 
Interval Sanipl e Number 
(m) 280 285 289 292 293 304 306 307 314 
N 300 10' 271 14 571 8 11  74 9 
Mean 181.8 179.9 175.5 182.4 174.9 178.8 172.0 179.0 164.4 
S t d . d e v .  12.2 13.0 14.1 15.0 14.4 12.6 14.2 13.1 18.3 

APPENDIX C. Nu~ber of Pac i f i c  krrinq by Body Length (2-mm Intervals) 
from Nidwater Trawl Samples in San Francisco Bay, Novercber 
9, 1984 to February 13, 1985. 
S i  ze 
interval Sample Number 
(mn 1 253 257 258 260 26 1 264 266 305 
N 5 
Mean 195.6 
Std. dev. 9.0 
APPENDIX D. Number of Pacif ic  kerring by Body Length (2-rnl In te rva l s )  fmm 
Commercial Purse Seine and Lampara Met Samples In San Francisco 
Bay, January 18 t o  February 2 6 ,  1985. 
Size 
interval  Sample Number 
(mn) 288 290 291 294 295 29 6 ,297 298 299 
S t d .  dev. 12.8 14.3 15.0 
APPENDIX D. ( c o n t i  nued ) 
Size 
interval Sample Number 
(m) 300 301 302 303 308 309 310 311 312 313 
130-139 
140 -1 41 
142 
144 
146 
148 
150 
152 
154 
156 
158 
160 
162 
164 
166 
168 
170 
172 
174 
176 
178 
180 
182 
184 
186 
1 88 
190 
192 
194 
196 
198 
200 
2C2 
204 
206 
208 
21 0 
21 2 
21 4 
21 6 
21 8 
220 
222 
N 
Mean 
Std .  dev.  12.9 
cnm 
"i"9 
o o m  
h 0  
N 
NI-- 
. . 
m m r -  
cum- 
,- - 
APPENDIX E. (continued) 
interval Sample Numc 
N 11 6 116 9 9 100 100 
Me an 192.2 188.9 187.1 187.4 186.6 
Std. dev. 8.7 8.7 7 .O 8.3 8.3 
APPENDIX F. Predicted we igh t  a t  Length f o r  P a c i f i c  Herr ing from . 
San Francisco Bay, November 1984 t o  !!arch 1985. 
Body Weight ( g )  
A1 1 A1 1 A1 1 
Males , . Females , , f i s h  f i s h  1 %?3-84!/ f i s h  1 973-77z1 
APPENDIX F. (continued) 
~ o d y  Weight (g )  
A1 1 A1 1 A1 1 
mm length Males Females f i s h  f f s h  1983-841' . - f i s h  - 1973-77z' 
I /  Data from R e i l l y  and Moore (1984) 
2/ Data calculated from equation i n  Spratt (198i) 
APPENDIX G. Egg Counts from Unripe P a c i f i c  Herring from San Francisco Bay, 
November 1984 t o  February 1985 and Humboldt Bay, 1975. 
NOVEMBER/DECEMBER JANUARY 
Length(mm) Weight(mm) Fecund. Lenqth(mm) Weight(mm) Fecund. 
APPENDIX G.  ( c o n t i n u e d )  
FEBRUARY /MARCH 
Length(nun) \ le i  gh t(mm) Fecund. 
HUMBOLDT BAY 1975 " 
l .ength(m) ~ e i g h t ( m r n )  
- 
Fecund. 
I I 
Da ta  f rom Rabin and B a r n h a r t  1977. 
APPENDIX H. Number of Pacific Herring a t  Age by Body Length (2-mm In te rva ls )  f o r  
Selected F ish  from Roundhaul Samples, San Francisco Bay, February 1985. 
S i  ze 
interval  Age (years) 
Jmm) 3 4 5 6 7 
APPENDIX I .  Number o f  P a c i f i c  Herring a t  Age by Eody Length (2-mm Intervals) 
f o r  Selected F i s h  frcm Ccmnrwcjal Gill N e t  Savples, San Francisco 
Bay, December 1984 t o  January 1985. 
Size 
interval Age (years) 
(m) 4 5 6-- 7 8 9 
- * -  - 70 - 
i 3 
APPENDIX J. Temperature ( C )  P rof i l es  of San Francisco Bay a t  . 
Peninsula P t .  and Pier 24, November 1 ,  1984 t o  March 
25, 1985. 
'Peninsula Point 
Depth (m), 
Date 0 5 10 15 20 Tide 
Nov 5 
7 
9 
12 
14 
16 
19 
21 
24 
2 6 
28 
29 
Dec 2 
3 
6 
11 
13 
14 
17 
20 
2 3 
26 
3 1 
Jan 2 
6 
11 
15 
18 
23 
25 
30 
Feb 4 
9 
11 
13 
15 
18 
22 
28 
Mar 4 
7 
8 
-1 1 
13 
15 
18 
20 
22 
2 5 
Flood 
High 
High 
Flood 
Low s lack 
High slack 
High s lack 
High 
High 
High s lack 
Low 
High s lack 
Low 
High 
Fl cod 
Flood 
Low s lack 
Low s lack 
High slack 
High s lack 
Flood 
High 
Low 
Hi9h slack 
Fl ood 
High s lack 
Low 
High 
Flood 
Flood 
Ebb 
Flood 
Flood 
Low slack 
Low 
High 
Flood 
Low s 1 ack 
High 
High 
High 
Flood 
Flood 
Low s lack 
High s lack  
High 
Flood 
Fl ood 
Low s lack 
APPENDIX J. (cont inued)  
P i e r  24 
-a , - Depth, ,.(!I) 
Date 0 5 10 15 2 0 T ide  
Nov 1 
19 
Dec 4 
7 
14 
17 
18 
2 1 
23 
2 6 
28 
31 
Jan 11 
14 
16 
18  
2 1 
2 5 
28 
30 
Feb 9 
11 
13 
15 
18  
2 5 
Mar 7 
15 
18 
Ebb 
Ebb 
Flood 
Flood 
Law 
Ebb 
High s l ack  
High s l ack  
High 
Low s l ack  
Low s l a c k  
Ebb 
High 
Low 
Low s l ack  
High 
F1 ood 
Low s l ack  
Ebb 
Ebb 
Low s l a c k  
Low 
Ebb 
Ebb 
High s lack  
Low 
Flood 
Ebb 
Flood 
APPENDIX K. S a l i n i t y  ~(sppt) P r o f i l e s  o f  San Francisco Bay a t  Peninsula 
Po in t  and P ie r  24, November 1,  1984 t o  March 25, 1985. 
Peninsula Po in t  
Depth (m) 
Date 0 5 _ 10 15 20 T ide 
Nov 5 28.0 28.3 28.8 29.2 29.2 Flood 
7 29.0 29.1 29.2 29.2 29.3 High 
9 28.9 29.0 29.0 29.0 29.1 High 
12 27.8 28.2 28.3 28.4 28.5 Flood 
14 26.4 28.2 28.7 28.7 28.7 L o w s l a c k  I 
16 28.2 28.5 28.5 28.6 28.6 High s lack  
19 27.5 28.1 28.2 28.2 28.2 High s lack  
21 27.7 28.0 28.0 28.1 28.2 High 
24 28.5 28.7 28.7 28.7 28.7 High 
26 26.6 28.5 28.5 28.3 28.3 High s lack  
2 8 25.5 26.8 27.3 27.3 27.3 Low 
2 9 25.8 26.4 26.8 26.8 26.7 . High s lack  
Dec 2 20.8 22.7 26.2 26.8 26.6 Low 
3 23.4 27.9 28.0 28.0 28.0 High 
6 24.2 25.4 27.1 27.8 27.8 Flood 
11 26.5 26.8 26.8 26.8 27.1 Flood 
13 23.8 23.9 24.8 25.5 25.8 L o w s l a c k  
14 23.2 23.8 24.9 26.0 27.4 Lows lack  
17 27.1 27.7 28.5 28.5 28.5 High s lack  
20 28.1 28.5 28.5 28.5 28.5 High s lack  
23 26.4 26.4 26.6 27.4 27.4 Flood 
26 25.7 26.5 26.7 26.8 26.9 High 
3 1 20.8 22.5 26.1 26.9 26.9 Low 
Jan 2 24.6 27.6 28.4 28.4 28.4 High s lack  
6 27.9 28.2 28.5 28.7 28.7 Flood 
11 27.8 28.5 28.6 28.6 28.6 High s lack 
15 25.4 26.1 26.1 26.3 26.4 Low 
18 28.5 28.5 28.5 28.5 28.5 High 
2 3 26.7 27.4 27.6 27.5 27.5 Flood 
2 5 26.6 28.4 28.7 28.9 28.9 Flood 
30 23.8 28.0 28.3 28.5 28.7 Ebb 
Feb 4 27.7 27.8 27.8 27.9 27.9 Flood 
9 
11 
13 
15 
18 
22 
28 
Mar 4 
7 
8 
11 
13 
15 
18 
20 
2 2 
2 5 
Flood 
Low s lack  
Low 
High 
Flood 
Low s lack  
High 
Hiah 
High 
F l  ood 
Flood 
Low s lack  
High s lack  
High 
Flood 
F l  cod 
Low s lack  
APPENDIX K. ( con t inued)  
Pier 24 
- Depth {m) -- - 
Date 0 5 10 15 2 0 T i d e  
Nov 1 
19 
Dec 4 
7 
14 
17 
18  
2 1 
2 3 
2 6 
28 
3 1 
Jan 11 
14 
16 
18 
2 1 
25 
2 8 
30 
Feb 9 
11 
13 
15 
18 
2 5 
Mar 7 
15 
18 
27.8 Ebb 
27.3 Ebb 
25.2 F lood 
25.4 Flood 
25.6 Low 
24.4 Ebb 
27.1 High s l a ~ c k  
27.4 Righ s l a c k  
26.9 High 
25.6 Low s l a c k  
25.1 L o w s l a c k  
26.4.  Ebb 
26.7 High 
24.9 Low 
24.9 Low s l a c k  
28.5 High 
27.1 F lood  
26.4 Low s l a c k  
26.3 Ebb 
25.2 Ebb 
26.2 Low s l a c k  
25.1 Low 
25.4 Ebb 
26.4 Ebb 
28.5 High s l a c k  
26.1 Low 
28.1 Low 
28.1 Ebb 
27.8 F lood 
